ABSTRACT Background: Epidemiologic studies are inconsistent regarding the association between tea consumption and the risk of coronary artery disease (CAD). Objective: The objective was to perform a meta-analysis to determine whether an association exists between tea consumption and total CAD endpoints in observational studies. Design: We searched PUBMED and EMBASE databases for studies conducted from 1966 through November 2009. Study-specific risk estimates were combined by using a random-effects model. Results: A total of 18 studies were included in the meta-analysis: 13 studies on black tea and 5 studies on green tea. For black tea, no significant association was found through the meta-analysis [highest compared with lowest, summary relative risk (RR): 0.92; 95% CI: 0.82, 1.04; an increment of 1 cup/d, summary RR: 0.98; 95% CI: 0.94, 1.02]. For green tea, the summary RR indicated a significant association between the highest green tea consumption and reduced risk of CAD (summary RR: 0.72; 95% CI: 0.58, 0.89). Furthermore, an increase in green tea consumption of 1 cup/d was associated with a 10% decrease in the risk of developing CAD (summary RR: 0.90; 95% CI: 0.82, 0.99). Conclusions: Our data do not support a protective role of black tea against CAD. The limited data available on green tea support a tentative association of green tea consumption with a reduced risk of CAD. However, additional studies are needed to make a convincing case for this association.
INTRODUCTION
Tea is one of the most popular beverages consumed in the world. With a per capita worldwide consumption of '0.12 L/y (1), habitual tea drinking has long been associated with health benefits. It is produced from the leaves of the plant Camellia sinensis, but differences in processing techniques result in several types of tea. According to the level of fermentation, tea can be classified into 3 major types: black tea (fermented), green tea (unfermented), and oolong tea (partially fermented) (2) (3) (4) . Approximately 76-78% of the tea produced and consumed worldwide is black, 20-22% is green, and ,2% is oolong. Black tea is mainly drunk in Europe, North America, and North Africa (except Morocco), whereas green tea is consumed principally in Asia; oolong tea is popular in southeast China (5) .
Coronary artery disease (CAD) is still the most common cause of death worldwide; an estimated 7.2 million people died of the disease in 2004 (6) . Recently, interest in the relation between tea consumption and the risk of CAD has increased. In 2001, on the basis of a meta-analysis, Peters et al (7) estimated that the incidence rate of myocardial infarction (MI) decreased by 11% with each increase in tea consumption of 3 cups/d, but the studyspecific effect estimates for CAD were too heterogeneous to be summarized. To date, many epidemiologic studies have been conducted to investigate the association between tea consumption and the risk of CAD, but the results remain controversial. Hence, we chose to conduct a meta-analysis to summarize the results from the available epidemiologic studies, both case control and prospective, to evaluate whether routine tea consumption is associated with CAD risk.
METHODS

Search strategy
We performed a literature search of the PUBMED (//www.ncbi. nlm.nih.gov/pubmed) and EMBASE (www.embase.com) databases that included the years 1966 through November 2009. We used the search terms "tea," "black tea," "green tea," "flavonoid," "catechin," "thearubigin," or "theaflavin" combined with "coronary artery disease," "coronary heart disease," "myocardial infarction," "ischemic heart disease," "CAD," and "CAD" in the full-text option. The search was limited to English-language articles. The titles and abstracts were scanned to exclude any studies that were clearly irrelevant. We read the full text of the remaining articles to determine whether they contained information on the topic of our interest. Furthermore, we searched all references cited in original studies and in all reviews identified. Two authors (Z-MW and BZ) conducted all of the searches independently.
Studies were included in the meta-analysis if they met the following criteria: 1) case control or cohort study design; 2) the exposure of interest was tea consumption and the outcome of interest was total CAD incidence or mortality (including MI, CAD, nonstroke cardiovascular disease, and other coronary events); 3) odds ratio (OR) or relative risk (RR) estimates with corresponding 95% CIs (or sufficient information to calculate them) were reported; and 4) some adjustments were made for potential CAD risk. If the data were duplicated in more than one study, the most recent and complete study was eligible for inclusion in the meta-analysis.
Our literature search identified 23 potentially relevant studies concerning tea consumption and CAD risk . One report (8) was excluded because the OR and 95% CI provided were for each additional cup of tea consumed per day. Two studies (9, 10) were excluded because the endpoint was cardiovascular disease including stroke events. The study by Rimm et al (11) was excluded because it was updated by Lopez-Garcia et al (25) in 2006. The study by Lin et al (12) was excluded because it used the same cohort as the report by Lopez-Garcia et al (25) , and the latter provided information with a longer period of follow-up. The study by Wang et al (28) is our own case-control study, which was recently accepted by the Journal; we have used the information ahead of publication. Thus, our meta-analysis on tea consumption and CAD risk included 18 articles in total: 13 studies (13-25) on black tea and 5 studies (26-30) on green tea.
Data extraction
Information from the studies was extracted independently by 2 investigators (Z-MW and BZ) using a predefined data-extraction form. The following data were sought from each article: the first author's name, the year of publication, the study design (case control or cohort), the country of origin, study period, years of follow-up, sex, outcomes, the number of participants (cases and controls, or cases and cohort size), measurements of tea consumption, OR and RR estimates and their corresponding 95% CIs, and adjustment factors in the statistical analysis. For each study, we extracted the risk estimates that reflected the greatest degree of control for potential confounders. The results were compared, and any questions or discrepancies were resolved by consensus.
Statistical analysis
Statistical analyses were performed for black tea and green tea consumption separately, and the case control studies and cohort studies were considered together and as subgroups. The measure of effect of interest was the OR for case-control studies and the RR for cohort studies and their corresponding 95% CI. We considered the hazard ratio as the RR directly in prospective studies. Study-specific risk estimates were extracted from each article, and log-risk estimates were weighted by the inverse of their variances to obtain a pooled risk estimate. Studies were combined by using the DerSimonian and Laird random-effects model, which considers both within-and between-study variations (31) . First, we calculated the study-specific estimates for the highest compared with the lowest level of tea consumption. Second, we compared the risk of total CAD in routine drinkers with nondrinkers/occasional drinkers. Several studies did not report a risk estimate for routine drinking; for these studies, a summary estimate for routine drinking was generated by using reported risk estimates for each drinking category. In addition, we conducted subgroup analyses to analyze the potential interactions.
To normalize the variation between studies in the difference in exposure categories, we calculated a risk estimate for an increment of tea consumption of 1 cup/d for each study. For this analysis, we used the method proposed by Greenland and Longnecker (32) and Orsini et al (33) , which were used in our previous meta-analysis (34) to estimate study-specific slopes from the natural logarithm of the RR across categories of tea consumption, assigning to each class the dose corresponding to the midpoint of upper and lower boundaries. Because this method requires the risk estimates with their variance estimates for 3 quantitative exposure categories, the studies with only 2 categories (15, 17, 22, 26, 27) were not included in this analysis. In studies that did not provide the number of cases and controls/ person-years in each exposure category (14, 18-20, 24, 29) , the variance-weighted least-squares regression model was used to estimate the slopes. The study by Sano et al (8) was re-included in the dose-response analysis because it provided the OR and 95% CI for every additional cup of tea consumed in a day. In our previous study (28) , tea consumption was indicated by grams of tea leaves; we rescaled tea drinking to the number of cups per day assuming that 125 g of tea leaves per month is approximately equivalent to 2 cups/d. Because the higher category of consumption was usually open, we considered it of the same amplitude as the preceding category. Then, we obtained the summary RR estimates by pooling the study-specific slopes using the inverse of the corresponding variances as weights.
We examined the possible heterogeneity in results across studies by using the Q and I 2 statistics (35). To avoid type II errors resulting from low power, we set the significance level at 0.10 instead of the more conventional level of 0.05 (36) . When statistical heterogeneity was detected, the sources of heterogeneity were explored and a subgroup analysis was performed. A sensitivity analysis was conducted to evaluate the robustness of our results. Publication bias was evaluated with Egger's regression asymmetry test in which a P value , 0.10 was considered representative of statistically significant publication bias (37) . The present meta-analysis was performed according to the Preferred Reporting Items for Systematic Reviews and MetaAnalyses statement (38) . Statistical analyses were carried out with Stata 9.2 software (STATA Corp, College Station, TX). All statistical tests were 2-sided.
RESULTS
Black tea
A total of 13 studies (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) , consisting of 3 case-control studies (13-15) and 10 prospective cohort studies (16-25), were included in the meta-analysis on black tea consumption in relation to CAD risk ( Table 1) . Six studies were conducted in the United States (13, 14, 16, 21, 24, 25) , 2 in the United Kingdom (19, 20) , 2 in the Netherlands (18, 23), 1 in Italy (15), 1 in Norway (17) , and 1 in Finland (22) .
The RR estimates of CAD for the highest black tea consumption compared with the lowest black tea consumption for individual studies and all studies combined are shown in Table 2 and Figure 1 . The overall results did not show an association between the highest black tea consumption and the risk of CAD (summary RR: 0.92; 95% CI: 0.82, 1.04). However, the analysis showed a significant heterogeneity across all studies (P = 0.039, TEA CONSUMPTION AND CORONARY ARTERY DISEASE RISK RR/OR, relative risk or odds ratio; C-C, case-control; MI, myocardial infarction; CHD, coronary heart disease; SBP, systolic blood pressure; IHD, ischemic heart disease; DBP, diastolic blood pressure.
2
Cases/controls or cohort size.
TEA CONSUMPTION AND CORONARY ARTERY DISEASE RISK I 2 = 42.9%). The summary result of the association between routine black tea drinking and risk of CAD also indicated a lack of association (summary RR: 0.95; 95% CI: 0.87, 1.03; P for heterogeneity = 0.000; I 2 = 70.4%). Subgroup analyses were carried out to identify sources of heterogeneity. The results for the stratified analysis of the highest black tea consumption by study design, sex, geographic region, and years of follow-up are shown in Table 2 ; however, we noted no significant results from 1 RR, relative risk. 2 Heterogeneity was examined by using the Q and I 2 statistics; all statistical tests were 2-sided. 3 Summary RR was based on the DerSimonian and Laird random-effects model. FIGURE 1. Summary relative risks (RRs) of coronary artery disease for the comparison of the highest black tea consumption with the lowest black tea consumption. The squares indicate study-specific risk estimates (size of square reflects the study's statistical weight), the horizontal lines indicate the 95% CIs, and the diamond indicates the summary RR estimate with its corresponding 95% CI. Study-specific risk estimates were combined by using the DerSimonian and Laird random-effects model. OR, odds ratio. those analyses. The result of the sensitivity analysis in which one study was removed at a time confirmed the stability of the meta-analysis; the summary RR ranged from 0.90 [after exclusion of the study by Klatsky et al (16); 95% CI: 0.78, 1.03; P for heterogeneity = 0.038; I 2 = 44.3%] to 0.95 [after exclusion of the study by Sesso et al (14) ; 95% CI: 0.85, 1.06; P for heterogeneity = 0.111; I 2 = 33.0%]. In addition, the Egger's test for publication bias was not statistically significant (P = 0.380).
Our dose-response analysis did not indicate any statistically significant inverse association between an increase in black tea consumption of 1 cup/d and risk of CAD (summary RR: 0.98; 95% CI: 0.94, 1.02; P for heterogeneity = 0.000; I 2 = 74.8%) (Figure 2) .
Green tea
A total of 5 studies (26-30) containing 3 case-control studies (26-28) and 2 prospective cohort studies (29, 30) were included in the meta-analysis on green tea consumption in relation to CAD risk ( Table 3 ). Three of the 5 studies were conducted in Japan (26, 29, 30) , and the remaining 2 were conducted in China (27, 28) .
RR estimates of CAD for the highest green tea consumption vs the lowest green tea consumption for individual studies and all studies combined are shown in Table 4 and Figure 3 . The overall results showed a statistically significant 28% reduction in risk of CAD with the highest green tea consumption (summary RR: 0.72; 95% CI: 0.58, 0.89). We found no statistically significant heterogeneity among the study results (P = 0.314, I 2 = 15.5%). The summary result of the association between routine green tea drinking and risk of CAD indicated a statistically significant 17% reduction (summary RR: 0.83; 95% CI: 0.71, 0.97; P for heterogeneity = 0.482; I 2 = 0.0%). The results of subgroup analyses by study design and sex are shown in Table 4 ; we noted that the protective effect of green tea consumption on CAD was observed in case-control studies and male drinkers but not in cohort studies and female drinkers. In a sensitivity analysis in which one study at a time was removed and the rest analyzed, the summary RR ranged from 0.67 [after exclusion of the study by Wen et al (27) ; 95% CI: 0.53, 0.86; P for heterogeneity = 0.304; I 2 = 17.3%] to 0.77 [after exclusion of the study by Wang et al (28) ; 95% CI: 0.63, 0.94; P for heterogeneity = 0.585; I 2 = 0.0%]. In addition, no indication of publication bias was found from the Egger's test (P = 0.105).
The dose-response analysis of green tea indicated that an increase in green tea consumption of 1 cup/d was statistically significantly associated with a 10% decrease in the risk of developing CAD (summary RR: 0.90; 95% CI: 0.82, 0.99; P for heterogeneity = 0.000; I 2 = 86.1%), (Figure 4) .
DISCUSSION
The present meta-analysis evaluated the association between black tea consumption, green tea consumption, and the risk of CAD based on published results from 6 case control studies and 12 cohort studies. The results suggest that black tea consumption is not associated with a decreased risk of CAD, and green tea is equivocally associated with a decreased risk of CAD. However, the data available are so limited that we could not confirm our findings.
In our study, we did not observe a statistically significant association between black tea consumption and risk of CAD. Despite the significant heterogeneity among the 13 studies available for the analysis, the results were strengthened by the dose-response analysis and sensitivity analysis. When the subgroup analysis was conducted by country, we found that the studies from the United States became homogenous, whereas statistically significant heterogeneity was still observed among the European countries. Within the European studies, the results of the 2 studies (19, 20) reported from the United Kingdom were associated with an increased risk of CAD, whereas the 2 studies (18, 23) from the Netherlands indicated a significant reduction in risk. This may have been due to differences in black tea drinking habits. For example, the English prefer to drink black tea with FIGURE 2. Summary relative risks (RRs) of coronary artery disease for an increase in black tea intake of 1 cup/d. The squares indicate study-specific risk estimates (size of square reflects the study's statistical weight), the horizontal lines indicate the 95% CIs, and the diamond indicates the summary RR estimate with its corresponding 95% CI. Study-specific risk estimates were combined by using the DerSimonian and Laird random-effects model. OR, odds ratio.
TABLE 3
Epidemiologic studies on green tea consumption in association with coronary artery disease (CAD) risk milk, which may reduce the bioavailability of flavonoids. In contrast, it is unusual for black tea to be drunk with milk in the Netherlands (19) . However, we were unable to carry out an analysis to examine the effect of adding milk to black tea, and it warrants further investigation. In contrast with black tea, the findings suggest an inverse association between green tea consumption and subsequent risk of CAD. Furthermore, every additional cup of green tea consumed in a day was associated with a 10% decrease in the risk of CAD. However, this may be an overestimate of the true magnitude of the association because of the limited number of studies. When the various studies were stratified by study design, we noted discrepancies between the summary results of prospective and case-control studies regarding the association between green tea consumption and CAD risk; the inverse association was evident among case-control studies. It is possible that the inverse associations reported from the case-control studies may have been overstated because of recall or selection bias, which could be of concern in retrospective studies. However, the cohort study meta-analysis showed no significant inverse relation. One of the cohort studies that controlled well for dietary factors showed no significance (30) , and another study that looked at "nonstroke CVD" found that only persons reporting .10 cups/d had an inverse relation to the outcome (29) . Considering these results, the finding of reduced CAD risk in green tea drinkers is not robustly supported by these data.
It is biologically plausible that black tea and green tea might have an inconsistent effect on CAD risk. Green tea catechins have The squares indicate study-specific risk estimates (size of square reflects the study's statistical weight), the horizontal lines indicate the 95% CIs, and the diamond indicates the summary RR estimate with its corresponding 95% CI. Study-specific risk estimates were combined by using the DerSimonian and Laird random-effects model. OR, odds ratio. been shown to inhibit oxidation, vascular inflammation, atherogenesis, and thrombogenesis and to favorably modulate the plasma lipid profile and vascular reactivity, which suggests a wide spectrum of beneficial effects on CAD (4, 39, 40) . Because of the different degrees of fermentation, the content and composition of catechins vary substantially between green and black tea. In green tea, catechins constitute 80-90% of total flavonoids, with epigallocatechin gallate being the most abundant (48-55%), followed by epigallocatechin (9-12%), epicatechin gallate (9-12%), and epicatechin (5-7%) (4, 41) . However, during the oxidative process that occurs in the production of black tea, flavanols are converted primarily into thearubigins and theaflavins, which are complex condensation products of tea polyphenols. In black tea, the catechin content is only 20-30% (42) . Therefore, if catechins are the most important contributor to the beneficial effect of green tea on CAD risk, the relative lack of association between black tea consumption and CAD risk is reasonable.
Several potential limitations of our meta-analysis must be considered when interpreting the results. First, the articles included were all published in English; limited resources prevented us from including articles published in other languages. Second, our meta-analysis was based on observational studies that were susceptible to various biases, and we cannot exclude uncontrolled confounders as a potential explanation for the observed association between tea consumption and risk of CAD; such confounders could include coffee consumption, fruit and vegetable intake, socioeconomic status, and education. Third, some of the articles that we included were not originally designed to test the association between tea consumption and risk of CAD. Therefore, the methods for measuring tea consumption differed across studies, such that the exposure of tea was assessed mostly by the number of cups consumed daily or weekly. However, the size of cups may have varied, even though we tried rescaling to account for such. Finally, the studies included in our meta-analysis were mainly conducted in the United States, Europe, China, and Japan; therefore, the results should be extrapolated to other populations with caution.
In conclusion, results from the present meta-analysis indicate that black tea consumption has no association with risk of CAD. Our limited data support a tentative protective role of green tea against CAD. However, additional large prospective cohort studies are needed to provide a more definitive conclusion concerning whether the routine consumption of green tea can guard against CAD.
